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The thesis aims to explain the design a prototype of an innovated small engine. It is divided 
into three main parts. 
The first part is focused on the analysis of low power DC small engines available on the 
market. The second part consists of measuring, construction and loss analysis of a DC small 
engine with permanent magnets. The last part deals with the possible innovations of a small 
engine with permanent magnets and subsequent implementation of some of them. The 
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1HMYê]QDþQČMãtP ] QLFK MH SRWĜHED NOX]QpKR NRQWDNWX .OX]Qê NRQWDNW PH]L NDUWiþL D
NRPXWiWRUHPMH]GURMHPHOHNWURPDJQHWLFNpKRUXãHQtDSRUXFK 
&tOHPWpWRSUiFHMH]KRWRYLWSĜHKOHGY\UiEČQêFKVWHMQRVPČUQêFKPRWRUNĤPDOpKRYêNRQX a 
zanalyzovat jejich YêVOHGN\'iOHSDNY\EUDWMHGHQXUþLWêW\SVWHMQRVPČUQpKRPRWRUku a u tohoto 
motorkX SURYpVW DQDOê]X D PČĜHQt =iYČUHþQi þiVW MH ]DPČĜHQD QD PRåQRVWL LQRvace 


























2.1 6WHMQRVPČUQêPRWRUHN 7\Sþ443132228820,  APS,              
6YČWOiQDG6i]DYRX DVýHVNi5HSXEOLND 
 
9êUREFHP WRKRWR VWHMQRVPČUQpKR PRWRUNX MH þHVNi ILUPD $36 6YČWOi QDG 6i]DYRX DV




3RXåtYi VH SUR SRKRQ\ YČWUiQt D NOLPDWL]DFH QiNODGQtFK YR]LGHO D DXWREXVĤ SRKRQ\






2EUi]HN1 6WHMQRVPČUQêPRWRUHN7\Sþ [2] 
 
Typ 
1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ] 
443132228820 24 240 10 2700 2,4 0,8 
 


















6UGFHPPRWRUX5(  MH SDWHQWRYDQp VDPRQRVQp YLQXWt0RWRU VH Y\UiEt VH þW\ĜPL W\S\





2EUi]HN3 6WHMQRVPČUQêPRWRUHN5( [3] 




1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ] 
RE 50 
370354 
24 200 9 5538 1,1 0,35 
 
Tabulka 2 3DUDPHWU\VWHMQRVPČUQpKRPRWRUNX5(] GRNXPHQWDFHYêUREFH [3] 
 
 




















2EUi]HN5 6WHMQRVPČUQêPRWRUHN$0( [4] 
 
Typ 
1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ] 
AME 1589 24 500 20 2800 2,6 1,7 
 




2EUi]HN6 ýiVWL'&PRWRUNX$0(] WHFKQLFNpGRNXPHQWDFHYêUREFH [4] 
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2.4 6WHMQRVPČUQêPRWRUHN%hler PRWRU1ČPHFNR 
 
6WHMQRVPČUQê PRWRUHN V SHUPDQHQWQtPL PDJQHW\ RG QČPHFNp ILUP\ %KOHU, motor o 









1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ] 
1.13.075.214 24 200 12 3200 1,8 0,6 
 















2EUi]HN8 7HFKQLFNêQiNUHVPRWRUNX1.13.075.214 z WHFKQLFNpGRNXPHQWDFHYêUREFH[6] 
2.5 6WHMQRVPČUQêPRWRUHN0[O.$*1ČPHFNR 
 
6WHMQRVPČUQê PRWRUHN RG ILUP\ .$* ] 1ČPHFND Pi QD VWDWRUX SHUPDQHQWQt PDJQHW\
.DUWiþHWRKRWRPRWRUXMVRXJUDILWRYpSRWDåHQpPČGt7ČORPRWRUNX MHSR]LQNRYDQpDKĜtGHO MH














1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ] 
M80x80/l 24 233 11,4 3200 1,8 0,7 
 








2EUi]HN11 Charakteristiky motorku M80x80/l z WHFKQLFNpGRNXPHQWDFHYêUREFH[7] 
 





-HGQi VH R VWHMQRVPČUQê PRWRUHN V SHUPDQHQWQtPL PDJQHW\ R YQČMãtP SUĤPČUX  PP
Motory z ĜDG\36=VH Y\UiEt Y UĤ]QpP VWXSQLNU\Wt WHQWRNRQNUpWQtPRWRUHNPi VWXSHĖNU\Wt








1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ] 
P2SZ467 24 252 10,5 3000 3,5 0,8 
 
Tabulka 6 3DUDPHWU\VWHMQRVPČUQpKRPRWRUNX36=] GRNXPHQWDFHYêUREFH [1] 
 
 
2EUi]HN13 7HFKQLFNêQiNUHVPRWRUNX36=] WHFKQLFNpGRNXPHQWDFHYêUREFH[1] 













1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ]
GNM 5480 24 250 12,9 3000 4,1 0,796 
 
Tabulka 7 3DUDPHWU\VWHMQRVPČUQpKRPRWRUNX*10] GRNXPHQWDFHYêUREFH [8] 
 
 
2EUi]HN15 7HFKQLFNêQiNUHVPRWRUNX*10] WHFKQLFNpGRNXPHQWDFHYêUREFH[8] 









1ČPHFNi ILUPD %26+ Y\UiEt VWHMQRVPČUQê PRWRUHN V SHUPDQHQWQtPL PDJQHW\ R YêNRQX
170W. TeQWRPRWRUHNiY\VRNpRWiþN\, DOHMHKRVWXSHĖNU\WtMHSRX]H,3 
Bosch je z KOHGLVNDFHORVYČWRYpKRSRKOHGX YHGRXFtPYêUREFHPPRWRUkĤ'&DVRXYLVHMtFtch 
NRPSRQHQWĤ3URGXNFHþtWi YtFHQHåPLOLRQĤNXVĤNDåGêURNSRFHOpPVYČWČ3RYČVWWČFKWR







1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ] 
DPD 24V 
170W 
24 170 10 5400 1,3 0,3 
 
Tabulka 8 3DUDPHWU\VWHMQRVPČUQpKRPRWRUNX'3'9:] GRNXPHQWDFHYêUREFH [5] 





2EUi]HN18 7HFKQLFNêQiNUHVPRWRUNX'3'9:] WHFKQLFNpGRNXPHQWDFHYêUREFH[5] 
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1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ] [ Nm ] 
443132228820 24 240 10 2700 2,4 0,8 
RE 50 370354 24 200 9 5538 1,1 0,35 
AME 1589 24 500 20 2800 2,6 1,7 
1.13.075.214 24 200 12 3200 1,8 0,6 
M80x80/l 24 233 11,4 3200 1,8 0,7 
P2SZ467 24 252 10,5 3000 3,5 0,8 
GNM 5480 24 250 12,9 3000 4,1 0,796 
DPD 24V 
170W 
24 170 10 5400 1,3 0,3 
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0êP ~NROHP E\OR Y\EUDW MHGHQ XUþLWê PRWRUHN D WHQ analyzovat. Vybral jsem si 
VWHMQRVPČUQê PRWRUHN V SHUPDQHQWQtPL PDJQHW\ RG ILUP\ $7$6 HOHNWURPRWRU\ 1iFKRG DV
z ĜDG\ P2SZ. 




1DSČWt 9êNRQ Proud 2WiþN\ Hmotnost IP -PHQRYLWê
moment 
[ V = ] [ W ] [ A ] [ 1/min ] [ kg ]  [ Nm ] 
P2SZ447 24 250 14 3000 3,5 54 0,8 
 
Tabulka 10 3DUDPHWU\VWHMQRVPČUQpKRPRWRUX36=] GRNXPHQWDFHYêUREFH [1] 
 
2EUi]HN26 7HFKQLFNêQiNUHVPRWRUNX36=] WHFKQLFNpGRNXPHQWDFHYêUREFH[1] 








3HUPDQHQWQt PDJQHW\ MVRX Y\UREHQ\ ] PDWHULiOX 0DQLSHUP -HMLFK SĜHGQRVWQt VPČU
PDJQHWL]DFHMHUDGLiOQt3DUDPHWU\PDJQHWĤ%R P7BHC N$P 






2EUi]HN27 9êNUHVsegmentu SHUPDQHQWQtKRPDJQHWXPRWRUNX36= [9] 
 
 

















2EUi]HN29 6FKpPDYLQXWtURWRUXPRWRUNX36= [9] 
 
1D WRWRåQpP VWHMQRVPČUQpP PRWRUNX P2SZ447 E\OR MLå GĜtYH SURYHGHQR mČĜHQt 7RWR
PČĜHQtSUREČKORQDÒstavu YêNRQRYpHOHNWURWHFKQLN\DHOHNWURQLN\ 987)(.789((MHKRå
YêVOHGN\PL E\O\SRVN\WQXW\7DNp MVHPSURYHGOYODVWQtPČĜHQt0ČĜHQt MVHPSURYHGOSURRED
VPČU\RWiþHQt MDNYSUDYR, WDNYOHYR6PČURWiþHQtXUþXMLSĜLSRKOHGXQDKĜtGHO VWHMQRVPČUQpKR
motorku. 
V PČĜHQt MVHP SURPČĜLO ]iYLVORVW RWiþHN SURXGX YêNRQX D ~þLQQRVWL QD PRPHQWX
VWHMQRVPČUQpKRPRWRUNX7DNpMVHPPČĜLO]iYLVORVWLQGXNRYDQpKRQDSČWtQDRWiþNiFKPRWRUX 
9êVOHGN\PČĜHQtMVHPY\QHVOGRJUDIĤ= JUDIĤMHSDWUQRåHPRWRUMHQDYUåHQYHOPLGREĜH
SURWRåH QHMYČWãt ~þLQQRVW MVPH QDPČĜLOL SĜL MPHQRYLWpP PRPHQWX 1P 1HMYČWãt PQRX
QDPČĜHQi~þLQQRVWE\OD7DNpMVHP]PČĜLOYQLWĜQtRGSRUYLQXWtNRWY\NWHUêE\Oa 
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3.1 Fotodokumentace motorku P2SZ447 
 
 











2EUi]HN33 Rotor motorku P2SZ447 
 




2EUi]HN34 3HUPDQHQWQtPDJQHW\PRWRUNX P2SZ447 
 
 
2EUi]HN35 âWtWV GUåiN\NDUWiþĤDNDUWiþLPRWRUNXP2SZ447 
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Obri]HN  ]REUD]XMH PRWRUHN 36= XSHYQČQê QD SRGVWDYFL0RWRUHN MH SĜHV VSRMNX
spojen s dynamometrem. 7XWRVHVWDYXMVHPSRXåLOSURPČĜHQtQDPRWRUNX36=. 
2EUi]HN  ]REUD]XMH ]DGQt ãWtW PRWRUNX 36= V RGVWUDQČQRX NU\WNRX, NRPXWiWRU D
NDUWiþXSHYQČQêQDSĜtWODþQpSUXåLQČ8YQLWĜPRWRUNXMHYLGČWNRPXWiWRUV GUåiNHPNDUWiþH 
2EUi]HN ]REUD]XMH KODYQt þiVWLPRWRUNX36= -HGQi VH R NRVWUX V SĜHGQtP ãWtWHP
rotor s NRPXWiWRUHPDYLQXWtPGiOH ]DGQtãWtWV GUåiN\NDUWiþĤD NDUWiþL 
2EUi]HN]REUD]XMHGHWDLOURWRUXPRWRUNX36=1DREUi]NXMHMDVQČYLGČWNRPXWiWRU
s SĜLSRMHQêPYLQXWtP]HãLNPHQpGUiåN\URWRUXKĜtGHOV ORåLVN\D]DEDQGiåRYDQpYLQXWt 
2EUi]HN ]REUD]XMHGHWDLOQtUR]ORåHQtPDJQHWĤSĜLSHYQČQêFKNHNRVWĜH motorku P2SZ447. 
2EUi]HN ]REUD]XMHGHWDLOUR]HEUDQpKR]DGQtKRãWtWXPRWRUNX36=V GUåiN\NDUWiþĤD
NDUWiþL, NWHUpMVRXSĜLSHYQČQ\N SĜtWODþQêPSUXåLQiP 
3.2 Hodnoty a grafy z PČĜHQtQDPRWRUNX P2SZ447 SURYHGHQpKR
UVEE 
 
U M n I P2 P1 ˀ 
[V] [Nm] [min
-1
] >$GtOHN@ >GtOHN@ [A] [W] [W] [%] 
24,2 0,096 2988 12/120 25,0 2,5 29,9 60,5 49,4 
24,2 0,197 2938 12/120 39,0 3,9 60,6 94,4 64,2 
24,2 0,297 2888 12/120 52,0 5,2 89,8 125,8 71,4 
24,2 0,396 2818 12/120 65,5 6,6 116,7 158,5 73,6 
24,2 0,497 2766 12/120 78,0 7,8 143,6 188,8 76,1 
24,2 0,596 2717 12/120 91,0 9,1 169,7 220,2 77,1 
24,2 0,696 2675 12/120 105,0 10,5 195,2 254,1 76,8 
24,2 0,795 2622 12/120 117,0 11,7 218,5 283,1 77,2 
24,2 0,907 2602 24/120 67,0 13,4 249,3 324,3 76,9 
24,2 0,996 2561 24/120 73,5 14,7 272,4 355,7 76,6 
24,2 1,096 2552 24/120 79,0 15,8 291,0 382,4 76,1 
24,2 1,196 2485 24/120 85,0 17,0 311,0 411,4 75,6 
24,2 1,296 2411 24/120 91,0 18,2 325,1 440,4 73,8 
24,2 1,395 2393 24/120 99,0 19,8 349,5 479,2 72,9 
24,2 1,496 2334 24/120 106,0 21,2 366,3 513,0 71,4 
24,2 1,595 2290 24/120 113,5 22,7 383,0 549,3 69,7 
 










2EUi]HN36 Graf QDPČĜHQêFKKRGQRWQD~VWDYX89((n=f(M) a I=f(M) 
 
 
2EUi]HN37 *UDIQDPČĜHQêFKKRGQRWQD~VWDYX89((32 I0DȘ I0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n Ui n Ui 
[ min
-1
 ] >9GtOHN@ >GtOHN@ [ V ] [ min-1 ] >9GtOHN@ >GtOHN@ [ V ] 
100 2,4/120 37 0,7 100 2,4/120 33 0,7 
200 2,4/120 73 1,5 200 2,4/120 67 1,3 
300 2,4/120 110 2,2 300 2,4/120 106 2,1 
400 12/120 31 3,1 400 12/120 30 3,0 
500 12/120 39 3,9 500 12/120 38 3,8 
600 12/120 47 4,7 600 12/120 46 4,6 
700 12/120 54 5,4 700 12/120 53 5,3 
800 12/120 62 6,2 800 12/120 61 6,1 
900 12/120 70 7,0 900 12/120 69 6,9 
1000 12/120 78 7,8 1000 12/120 76 7,6 
1100 12/120 85 8,5 1100 12/120 84 8,4 
1200 12/120 93 9,3 1200 12/120 92 9,2 
1300 12/120 101 10,1 1300 12/120 100 10,0 
1400 12/120 109 10,9 1400 12/120 107 10,7 
1500 24/120 58 11,6 1500 24/120 57 11,4 
1600 24/120 62 12,4 1600 24/120 61 12,2 
1700 24/120 66 13,2 1700 24/120 65 13,0 
1800 24/120 70 14,0 1800 24/120 69 13,8 
1900 24/120 74 14,8 1900 24/120 73 14,6 
2000 24/120 77 15,4 2000 24/120 76 15,2 
2100 24/120 81 16,2 2100 24/120 80 16,0 
2200 24/120 85 17,0 2200 24/120 84 16,8 
2300 24/120 89 17,8 2300 24/120 88 17,6 
2400 24/120 93 18,6 2400 24/120 91 18,2 
2500 24/120 97 19,4 2500 24/120 95 19,0 
2600 24/120 100 20,0 2600 24/120 99 19,8 
2700 24/120 105 21,0 2700 24/120 103 20,6 
2800 24/120 108 21,6 2800 24/120 107 21,4 
2900 24/120 112 22,4 2900 24/120 110 22,0 
3000 24/120 116 23,2 3000 24/120 23 23,0 
3100 120/120 24 24,0 3100 120/120 24 24,0 
3200 120/120 25 25,0 3200 120/120 25 24,5 
3300 120/120 26 26,0 3300 120/120 26 25,5 
 
Tabulka 12 Tabulka hodnot z PQRXSURYHGHQpKRPČĜHQt8i=f(n) 
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U M n I P2 P1 ɻ 
[V] [Nm] [min
-1
] >$GtOHN@ >GtOHN@ [A] [W] [W] [%] 
24 0,001 3114 6/120 20 1,00 0,3 24,0 1,3 
24 0,102 3068 6/120 47 2,35 32,7 56,4 58,0 
24 0,204 3020 6/120 75 3,75 64,5 90,0 71,7 
24 0,302 2971 6/120 101 5,05 93,9 121,2 77,5 
24 0,401 2934 12/120 65 6,50 123,2 156,0 79,0 
24 0,502 2888 12/120 78 7,80 151,0 187,2 80,7 
24 0,602 2843 12/120 91 9,10 178,0 218,4 81,5 
24 0,701 2798 12/120 105 10,50 205,1 252,0 81,4 
24 0,800 2761 24/120 59 11,80 231,2 283,2 81,6 
24 0,901 2715 24/120 66 13,20 256,0 316,8 80,8 
24 1,000 2673 24/120 74 14,80 289,0 355,2 81,4 
24 1,100 2626 24/120 80 16,00 302,0 384,0 78,6 
24 1,200 2584 24/120 87 17,40 324,0 417,6 77,6 
24 1,300 2545 24/120 94 18,80 346,0 451,2 76,7 
24 1,400 2500 24/120 101 20,20 366,0 484,8 75,5 
24 1,500 2451 24/120 109 21,80 385,0 523,2 73,6 
 
Tabulka 13 Tabulka hodnot z PQRXSURYHGHQpKRPČĜHQtSĜLVPČUXRWiþHQtYSUDYR 
 
U M n I P2 P1 ɻ 
[V] [Nm] [min
-1
] >$GtOHN@ >GtOHN@ [A] [W] [W] [%] 
24 0,000 3178 6/120 23 1,15 0,0 27,6 0,0 
24 0,100 3123 6/120 50 2,50 32,7 60,0 54,5 
24 0,200 3069 6/120 78 3,90 64,9 93,6 69,3 
24 0,300 3019 6/120 106 5,30 95,1 127,2 74,8 
24 0,400 2981 12/120 67 6,70 125,5 160,8 78,0 
24 0,500 2933 12/120 81 8,10 153,8 194,4 79,1 
24 0,600 2883 12/120 94 9,40 181,5 225,6 80,5 
24 0,700 2836 12/120 108 10,80 207,8 259,2 80,2 
24 0,800 2782 24/120 60 12,00 232,0 288,0 80,6 
24 0,900 2736 24/120 67 13,40 258,6 321,6 80,4 
24 1,000 2691 24/120 74 14,70 281,0 352,8 79,6 
24 1,100 2646 24/120 81 16,10 304,0 386,4 78,7 
24 1,200 2599 24/120 88 17,60 326,0 422,4 77,2 
24 1,300 2550 24/120 94 18,80 347,0 451,2 76,9 
24 1,400 2502 24/120 101 20,20 366,0 484,8 75,5 
24 1,500 2420 24/120 109 21,80 384,0 523,2 73,4 
 
Tabulka 14 Tabulka hodnot z PQRXSURYHGHQpKRPČĜHQtSĜLVPČUXRWiþHQtvlevo 









2EUi]HN39 *UDIPQRXQDPČĜHQêFKKRGQRW32 I0DȘ I0 
 






3.4 9êSRþHWUR]ORåHQt]WUiWPRWRUNX P2SZ447 
 








dkjmFe PPPPPP ''''' '  
=WUiW\Y åHOH]H 
)( dkjmFe PPPPPP ''''' '
=WUiW\PHFKDQLFNp¨3m MVRX]iYLVOpQDNRQVWUXNFLVWURMH-HGQtP]H]SĤVREĤMDNMH O]H tyto 
]WUiW\ XUþLW je SRPRFtPČĜHQt QDSUi]GQRQDG\QDPRPHWUX. 3ĜLWRPWRPČĜHQtMHPRPHQW]PČĜHQê
QDKĜtGHOLURYHQPHFKDQLFNêP]WUiWiP¨3m stroje.  




aaj IRP  '  
Kde Ra UHSUH]HQWXMHRGSRUYLQXWtNRWY\DIa MHFHONRYêSURXGSURFKi]HMtFtWtPWRYLQXWtP 
ZtUiW\QDNDUWiþtFK 
akk IUnP ' '  
Ve vzorci SUR YêSRþHW ]WUiW QD NDUWiþtFK n XGiYi SRþHW NDUWiþĤ D ǻ8k ~E\WHN QDSČWt QD
NDUWiþtFK NWHUê VH SRK\EXMH Y UR]PH]t 9± 9SRGOHPDWHULiOX ]H NWHUpKR MVRX ]KRWRYHQ\
NDUWiþH 





jmFe PPPP ''' '  
=WUiW\Y åHOH]HSR]MHGQRGXãHQt 




9tP åH PHFKDQLFNp ]WUiW\ ¨3m X VWHMQRVPČUQpKR VWURMH V SHUPDQHQWQtPL PDJQHW\ MVRX
OLQHiUQČ ]iYLVOp QD RWiþNiFK VWURMH = WpWR ]iYLVORVWL Y\SOêYi åH QDPČĜHQp KRGQRW\ SURORåtP












2    SSZ  










n M Ȧ ǻ3m Y\SRþ 
ǻ3m 





[ min-1 ] [ Nm ] [ rad/s ] [ W ] [ W ] [ min-1 ] [ Nm ] [ rad/s ] [ W ] [ W ] 
100 0,043 10,47 0,45 0,4 100 0,054 10,47 0,57 0,5 
200 0,046 20,94 0,96 0,9 200 0,055 20,94 1,15 1,1 
300 0,048 31,42 1,51 1,5 300 0,059 31,42 1,85 1,8 
400 0,055 41,89 2,30 2,3 400 0,062 41,89 2,60 2,5 
500 0,054 52,36 2,83 2,8 500 0,063 52,36 3,30 3,2 
600 0,056 62,83 3,52 3,5 600 0,064 62,83 4,02 4,0 
700 0,059 73,30 4,32 4,3 700 0,065 73,30 4,76 4,7 
800 0,058 83,78 4,86 4,8 800 0,067 83,78 5,61 5,5 
900 0,065 94,25 6,13 6,1 900 0,068 94,25 6,41 6,4 
1000 0,063 104,72 6,60 6,4 1000 0,071 104,72 7,44 7,4 
1100 0,065 115,19 7,49 7,4 1100 0,069 115,19 7,95 7,9 
1200 0,067 125,66 8,42 8,4 1200 0,071 125,66 8,92 8,9 
1300 0,065 136,14 8,85 8,8 1300 0,074 136,14 10,07 10,0 
1400 0,065 146,61 9,53 9,5 1400 0,076 146,61 11,14 11,1 
1500 0,069 157,08 10,84 10,8 1500 0,076 157,08 11,94 11,9 
1600 0,072 167,55 12,06 12,0 1600 0,074 167,55 12,40 12,3 
1700 0,073 178,02 13,00 12,9 1700 0,077 178,02 13,71 13,7 
1800 0,072 188,50 13,57 13,5 1800 0,080 188,50 15,08 15,0 
1900 0,073 198,97 14,52 14,5 1900 0,081 198,97 16,12 16,1 
2000 0,075 209,44 15,71 15,7 2000 0,077 209,44 16,13 16,1 
2100 0,076 219,91 16,71 16,7 2100 0,080 219,91 17,59 17,5 
2200 0,077 230,38 17,74 17,7 2200 0,080 230,38 18,43 18,4 
2300 0,080 240,86 19,27 19,2 2300 0,081 240,86 19,51 19,5 
2400 0,086 251,33 21,61 21,6 2400 0,081 251,33 20,36 20,3 
2500 0,087 261,80 22,78 22,7 2500 0,084 261,80 21,99 21,9 
2600 0,089 272,27 24,23 23,9 2600 0,084 272,27 22,87 22,8 
2700 0,085 282,74 24,03 24,0 2700 0,085 282,74 24,03 24,0 
2800 0,083 293,22 24,34 24,3 2800 0,085 293,22 24,92 24,9 
2900 0,082 303,69 24,90 24,6 2900 0,088 303,69 26,72 26,7 
3000 0,082 314,16 25,76 25,7 3000 0,090 314,16 28,27 28,2 
3100 0,083 324,63 26,94 26,9 3100 0,091 324,63 29,54 29,5 
3200 0,082 335,10 27,48 27,4 3200 0,091 335,10 30,49 30,4 
3300 0,082 345,58 28,34 28,3 3300 0,092 345,58 31,79 31,7 
 
Tabulka 15 Tabulka hodnot z PQRXSURYHGHQpKRPČĜHQtQDNUiWNR 
 
 













0HFKDQLFNp ]WUiW\ MVHP XUþLO SRPRFt VPČUQLFH SĜtPN\ ] SĜtPpKR PČĜHQt PHFKDQLFNêFK
]WUiW QDNUiWNR -DNR31 MH R]QDþHQSĜtNRQPRWRUNX D MDNR32 MH R]QDþHQ YêNRQPRWRUNX7\WR
hodnoty byly ]PČĜHQ\ 
 
3ĜtNODGYêSRþWX SURY\]QDþHQêĜiGHNWDEXON\ 
WPPP 522,2312,28321    '  
WnPm 92,2227610083,00083,0    '  
WIRP aaj 92,138,111,0
22    '  
WPPPP jmFe 16,15)92,1392,22(52)(   ''' '  
[11] 
 
  Doprava Doleva 
M ȴP ȴPm ȴPj ȴPFe ȴP ȴPm ȴPj ȴPFe 
[Nm] [W] [W] [W] [W] [W] [W] [W] [W] 
0,300 27,30 24,66 2,55 0,09 32,10 26,57 2,81 2,72 
0,400 32,80 24,35 4,23 4,22 35,30 26,23 4,49 4,58 
0,500 36,20 23,97 6,08 6,15 40,60 25,81 6,56 8,23 
0,600 40,40 23,60 8,28 8,52 44,10 25,37 8,84 9,89 
0,700 46,90 23,22 11,03 12,65 51,40 24,96 11,66 14,78 
0,800 52,00 22,92 13,92 15,16 56,00 24,48 14,40 17,12 
0,900 60,80 22,53 17,42 20,84 63,00 24,08 17,96 20,97 
1,000 66,20 22,19 21,90 22,11 71,80 23,68 21,61 26,51 
1,100 82,00 21,80 25,60 34,60 82,40 23,28 25,92 33,19 
1,200 93,60 21,45 30,28 41,88 96,40 22,87 30,98 42,55 
1,300 105,20 21,12 35,34 48,73 104,20 22,44 35,34 46,42 
1,400 118,80 20,75 40,80 57,25 118,80 22,02 40,80 55,98 
1,500 138,20 20,34 47,52 70,33 139,20 21,30 47,52 70,38 
 






























Jak jVHP MLå XYHGO VWHMQRVPČUQê VWURM D MHKR SULQFLS\ MVRX QHMGpOH ]QiPêPL ]H YãHFK
WRþLYêFK HOHNWULFNêFK VWURMĤ = WRKRWR GĤYRGX VSRþtYi LQRYDFH VWHMQRVPČUQêFK PRWRUĤ
s SHUPDQHQWQtPLPDJQHW\YH]YČWãRYiQtSĜHVQRVWLþiVWLPRWRUXYHYêPČQČVWiYDMtFtFKPDWHULiOĤ









a)                  b) 
 
2EUi]HN47 3ĜtNODG\WYDUĤPDJQHWĤ]HY]iFQêFK]HPLQD1G)H%E6P&R [14,19] 
 
8 SHUPDQHQWQtFK PDJQHWĤ PĤåH VSRþtYDW LQRYDFH Y QČNROLND PRåQRVWHFK -DNR SUYQt VH
QDEt]t PRåQRVW UĤ]QêFK PDWHULiOĤ SHUPDQHQWQtFK PDJQHWĤ 'DOãtPL PRåQRVWPL MVRX WYDU
PDJQHWĤDMHMLFKUR]PtVWČQtQD statoru, s þtPåWDNpVRXYLVtPQRåVWYtPDJQHWĤSRREYRGXVWDWRUX
D GpOND PH]HU PH]L SHUPDQHQWQtPL PDJQHW\ 'DOãt PRåQRVWt LQRYDFH E\ PRKO\ VSRþtYDW
v ~SUDYČPDJQHWĤ WDN DE\ VH VQtåLO\ MHMLFK ]WUiW\ NWHUp VRXYLVHMt V WtP åHPDJQHW\PDMt MLVWê
REVDKåHOH]DFRåPi]DQiVOHGHNY]QLNYtĜLYêFK]WUiW 
1DSĜtNODG PDJQHWLFN\ WYUGp IHULW\ PDMt GREUp PDJQHWLFNp YODVWQRVWL 3UDFRYQt WHSORWX
v rozsahu -Då&= PHFKDQLFNpKRKOHGLVNDMVRXNĜHKNpDWYUGp3UREOpPNWHUêY\SOêYi
z MHMLFK WYUGRVWL MH SRWĜHED VSHFLDOL]RYDQêFK QiVWURMĤ V GLDPDQWRYêP RVWĜtP QD MHMLFK
RSUDFRYiQt 
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3HUPDQHQWQtPDJQHW\ ]H Y]iFQêFK ]HPLQ QD Ei]L6P&R D1G)H%  MVRX YHOPL YêNRQQp D
NYDOLWDWLYQČ YHOPL KRGQRWQp NRPSRQHQW\7\WRPDJQHW\ MVRX RYãHP]DVH YHOPL WYUGp WXGtå MH
]GHRSČWSRWĜHEDVSHFLDOL]RYDQêFKQiVWURMĤV GLDPDQWRYêPRVWĜtP3UDFRYQtWHSORWDGRVDKXMHDå




x BR ± remanence - =E\WNRYiPDJQHWL]DFHSRRGVWUDQČQtPDJQHWL]XMtFtKRpole. 
x HCJ ± NRHUFLWLYLWDYQLWĜQt± 0DJQHWLFNpSROHSĜLNWHUpPMHFHONRYiSRODUL]DFHQXORYi 
x HCB ± NRHUFLWLYLWDVNXWHþQi± MDJQHWLFNpSROHSĜLNWHUpPMHFHONRYiLQGXNFHYPDJQHWX
QXORYi 
x (BH)MAX ± max. energ. produkt - %RGPD[LPiOQtKRVRXþLQX%D+QDGHPDJQHWL]DþQt
NĜLYFHXUþXMHRSWLPiOQtSUDFRYQtERGSHUPDQHQWQtKRPDJQHWX0DJQHWNWHUêSUDFXMHY
WRPWRERGČSRVN\WXMHQHMYČWãtYêNRQQDMHGQRWNXREMHPX 
x BA, HA - +RGQRW\PDJQHWLFNpLQGXNFH%DNRHUFLWLYQtVtO\+Y SUDFRYQtPERGČPDJQHWX 
 
 












BR HCJ HCB (BH)MAX T 
[ T ] [ kA/m ] [ kA/m ] [ kJ/m
3
 ] >&@ 
SmCo5           
S-21H 0,92-1,00 1274 597-677 159-175 250 
Sm2Co17           
S-23H 1,00-1,06 1433 526-732 175-199 250 
S-27H 1,05-1,10 1433 701-780 199-223 250 
S-28H 1,03-1,10 1590-2070 720-820 190-225 250 
NdFeB           
28EH 1,02-1,08 2388 780 207-231 200 
30EH 1,08-1,13 2388 812 223-247 200 
33EH 1,13-1,17 2388 851 247-272 200 
35EH 1,17-1,21 2388 875 263-295 200 
 
Tabulka 17 7DEXONDYODVWQRVWtPDJQHWLFNêFKPDWHULiOĤRGILUP\:$0$* [15,20] 




-DNRX YãHFKþiVWtNWHUpEXGX SUREtUDW LX URWRURYêFKSOHFKĤ VH QDEt]t LQRYDFH YH IRUPČ
]PČQ\ PDWHULiOX SOHFKĤ 9 GQHãQt GREČ VH SRXåtYDMt SĜHYiåQČ RFHORYp SOHFK\ NWHUp VH SDN
VNOiGDMt V L]RODþQtPL YUVWYDPL QD URWRU 2FHORYp SOHFK\ QHPDMt ]URYQD LGHiOQt SDUDPHWU\ DOH
jejich obrovskRXYêKRGRX MHSHYQRVWDQt]NiFHQD3UR OHSãt YODVWQRVWL E\ VH QiPKRGLO\ VStãH
WUDQVIRUPiWRURYp SOHFK\ NWHUp ERKXåHO ]DVH SRVWUiGDMt GRVWDWHþQRX SHYQRVW SUR URWXMtFt þiVWL
0RåQRVWt E\PRKO EêWNRPSURPLV YH IRUPČRFHOL V Y\ããtPREVDKHPNĜHPtNXNWHUiE\musela 
PtWGRVWDWHþQRXSHYQRVWDPČODL OHSãtPDJQHWLFNpYODVWQRVWLQHåQRUPiOQtRFHO2YãHP]iVDGQt
YČFNWHUimne zase omezuje, je cena. 









Jak jVHPMLå]PtQLO QD]DþiWNXNDSLWRO\, jednou z PRåQRVWt LQRYDFHMHQDOH]HQtYKRGQČMãtKR
]SĤVREX YêURE\ WDN DE\ YêVOHGQê YêUREHN E\O SĜHVQČMãt 7HQWR ]SĤVRE E\ VH GDO DSOLNRYDW
QDSĜtNODGQDYêUREXNRVWU\PRWRUX'ĤYRGMH]ĜHMPêQHSĜHVQRVWLPRKRXPtWYOLYQDSĜtNODGQD
YHOLNRVWY]GXFKRYpPH]HU\NWHUiSDNQHPXVtEêWSRFHOpPREvodu motorkXVWHMQiDWtPSiGHP
Y]QLNDMt ]WUiW\ 7DNp PRKRX Y]QLNDW SDUD]LWQt Y]GXFKRYp PH]HU\ PH]L NRVWURX PRWRUNX D
SHUPDQHQWQtPLPDJQHW\ 
V GQHãQt GREČ VH NRVWUD SĜHYiåQČ Y\UiEt ] SOHFKĤ NWHUp VH VWRþt D SRPRFt PHFKDQLFNpKR





2EUi]HN49 6NODGRYDQpSĜHVQpEH]HãYptrubky od firmy PARADOX STEEL s.r.o. [21] 





SUĤPČU 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 6 7 8 9 10 
[mm] 9QLWĜQtSUĤPČUDWROHUDQFH>PP@ 
60     2,164 2,861 3,545 4,217 4,877 5,524 6,159 6,782 7,990 9,149 10,260 11,320 12,330 
62     2,238 2,959 3,668 4,365 5,049 5,721 6,381 7,028 8,286 9,495 10,650 11,760 12,820 
65     2,349 3,107 3,853 4,587 5,308 6,017 6,714 7,398 8,730 10,010 11,250 12,430 13,560 
70     2,534 3,354 4,162 4,957 5,740 6,511 7,269 8,015 9,470 10,880 12,230 13,540 14,800 
75       3,601 4,470 5,327 6,172 7,004 7,824 8,632 10,210 11,740 13,220 14,650 16,030 
80       3,874 4,778 5,697 6,603 7,497 8,379 9,248 10,950 12,600 14,210 15,760 17,260 
 
Tabulka 18 7DEXONDUR]PČUĤDWROHUDQFtRGILUP\3$5$'2;67((/ s.r.o. [17] 
4.4 .RPXWiWRU 
 
.RPXWiWRUMH MHGQRX] QHMGĤOHåLWČMãtFKþiVWtVWHMQRVPČUQpKRPRWRUX9\UiEt VHUĤ]QpW\S\
QDSĜtNODGYiOFRYpUDGLiOQtþHOQtKĜHEHQRYpDSRG1DODPHO\NRPXWiWRUXVHSRXåtYiPČćQHER
mikanit.  
.DUWiþHMVRXWDNWpåY\UiEČQ\ z QČNROLNDPDWHULiOĤ1DSĜ grafit s REVDKHPPČGL0Čć
Pi ]D ~þHO VQtåLW RGSRU NDUWiþĤ D SĜHFKRGRYêRGSRU'DOãtPPDWHULiOHP MH EURQ] V povlakem 
VWĜtEUDY PtVWČGRW\NX0iQt]NêRGSRUNDUWiþĤDGHOãtåLYRWQRVW 
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5 NÈ95+,129$&(02725.8 P2SZ447 
 
V QiYD]QRVWL QD SĜHGFKR]t NDSLWROX NGH MVHP XYHGO PRåQRVWL LQRYDFt VWHMQRVPČUQpKR
motorku s SHUPDQHQWQtPLPDJQHW\ VH Y WpWRNDSLWROH]DEêYiPNRQNUpWQtPL~SUDYDPLPRWRUNX
P2SZ447 od firmy $7$6HOHNWURPRWRU\1iFKRG DV 8åGĜtYH E\O QD ~VWDYX89((SURYHGHQ 
SĜHSRþHW VWiYDMtFtKR URWRUXPRWRUNX P2SZ447 s  GUiåNDPL QD URWRU V 16 GUiåNDPL 3URWRW\S
s GUiåNDPLQiPE\OSRVN\WQXWN PČĜHQtDOH]DWtPVHQHY\UiEtVpULRYČ= WRKRWRGĤYRGXMVHP
VH UR]KRGO ]SUDFRYDO QiYUK\ MDN SURPRWRUHN V GUiåNDPL QD URWRUX Wak i pro motorek s 16 
GUiåNDPLQDURWRUX 
3UR]SUDFRYiQt QiYUKXDYêSRþHW MVHPSRXåLOSURJUDP)(00. Program FEMM je (Finite 




$E\ E\OR PRåQp XSUDYHQp PRWRUN\ V QČþtP SRURYQDW SURYHGO MVHP QHMSUYH VLPXODFL
VWiYDMtFtKR PRWRUNX P2SZ447 s  GUiåNDPL QD URWRUX 3ĜL PêFK YêSRþWHFK Y\FKi]tP
z SĜHGSRNODGXåHNRVWUDPRWRUNXEXGHY\UREHQD] SĜHVQêFKEH]HãYêFKWUXEHNDE\MDNXåMVHP
]PLĖRYDOQHGRFKi]HORNHY]QLNXSDUD]LWQtY]GXFKRYpPH]HU\ 
1ČNWHUp~SUDY\NWHUp QDYUKXML, vedou k SURGORXåHQtPRWRUNXD WXGtå LNH]YČWãHQtSORFK\
Y]GXFKRYp PH]HU\. Ve vzduchoYp PH]HĜH MH Y\åDGRYiQ VWHMQČ YHONê PDJQHWLFNê tok, z toho 
SO\QH åH VL PĤåX GRYROLW ]PHQãLW PDJQHWLFNRX LQGXNFL YH Y]GXFKRYp PH]HĜH D WtP L ]WUiW\
v åHOH]HFRå GRND]XMtQtåHXYHGHQpY]RUFH 
S
BSB
)  )   
[11] 
Kde B MHPDJQHWLFNiLQGXNFHĭ PDJQHWLFNêWRNDS  plocha v]GXFKRYpPH]HU\, SĜHVNWHURX
PDJQHWLFNêWRNSURFKi]t 















Kde B MHPDJQHWLFNiLQGXNFHm KPRWQRVWPDJQHWLFNpKRPDWHULiOXf frekvence, kh a kv jsou 
NRHILFLHQW\]iYLVHMtFtQDPDWHULiOX  
Z XYHGHQêFK Y]RUFĤ Y\SOtYi åH ]WUiW\ Y åHOH]H MVRX ]iYLVOp QD NYDGUiWX PDJQHWLFNp
LQGXNFH7R]QDPHQiåHVQtåHQtPPDJQHWLFNpLQGXNFHVQtåtP]WUiW\Y åHOH]H  
'DOãt~SUDYRXNWHURX]GHXYHGX, MHYêPČQDVWiYDMtFtFKSHUPDQHQWQtFKPDJQHWĤ]DPDJQHW\
]HY]iFQêFK]HPLQY QDãHPSĜtSDGČNdFeB. 
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3URYêSRþHW]WUiWY PČGLuprDYHQêFK PRWRUNĤMVHPSRXåLOW\WRY]RUFHǻ3j ve vzorFtFKMVRX
]WUiW\ NWHUp MVHP QDPČĜLO QD SĤYRGQtP PRWRUNX =DYHGO MVHP NRQVWDQWX kcu SURWRåH
SĜHGSRNOiGiP åH SDUDPHWU\ ȡ, S a I ]ĤVWDQRX VWHMQp MDNR X SĤYRGQtKR PRWRUNX Velikost lp 
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3UR]WUiW\Y åHOH]HMVHPRSČW]DYHGONRQVWDQWXkFeSURWRåHSĜHGSRNOiGiPåHSDUDPetry kh, 
kv, f a m ]ĤVWDQRX VWHMQp MDNR X SĤYRGQtKR PRWRUNX B reprezentuje magnetickou indukci 
SĤYRGQtKRPRWRUNXDBX UHSUH]HQWXMHPDJQHWLFNRXLQGXNFLXSUDYHQpKRPRWRUNX 
 
3RXåLWp]NUDWN\ v WDEXONiFK: 
x Bį  ± PDJQHWLFNiLQGXNFHYHY]GXFKRYpPH]HĜH 
x Bmax  ± PD[LPiOQtLQGXNFH 
x M  ± moment 
x vm  ± YêãNDPDJQHWX 
x dr   ± SUĤPČUURWRUX 
x l   ± GpONDURWRUX 
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5.1 Inovace motorku s GUiåNDPL 
 
-DN MVHP MLå GĜtYH ĜHNO, QHMSUYH MVHP QDVLPXORYDO SĤYRGQt PRWRUHN P2SZ447. Na 
QiVOHGXMtFtFK REUi]FtFK MVRX YêVOHGN\ YêSRþWĤ SRPRFt programu FEMM. 'iOH XYiGtP SUR
RULHQWDFL UR]PČU\ NWHUp PČQtP SĜL VLPXODFtFK 7ČPLWR UR]PČU\ MVRX GpOND URWRUX SUĤPČU





2EUi]HN50 5R]ORåHQtPDJQHWLFNpLQGXNFHYSĤYRGQtP motorku s GUiåNDPLQDURWRUX 
 
1D REUi]NX  YLGtPH UR]ORåHQt PDJQHWLFNp LQGXNFH Y URWRURYêFK SOHVtFK Y]GXFKRYp
PH]HĜHSHUPDQHQWQtFKPDJQHWHFKDNRVWĜHPRWRUNX1HMY\ããt KRGQRWXPDJQHWLFNp LQGXNFH na 













2EUi]HN51 'HWDLOSHUPDQHQWQtKRPDJQHWXYSĤYRGQtP motorku s GUiåNDPLQDURWRUX 
 
9ãHFKQ\GĤOHåLWpparametry jsou shrnuty v QiVOHGXMtFtWDEXOFH Hodnota PDJQHWLFNpLQGXNFH
YH Y]GXFKRYp PH]HĜH E\OD Y\SRþWHQD na 0,316 T. Moment E\O Y\SRþWHQ na 0,78 Nm. Tento 





3      
Velikost l XGiYiGpONXURWRUXFRåRYãHPQH]DKUQXMHþHODYLQXWt= WRKRWRGĤYRGXQiVREtPH
GpONXYLQXWt NRHILFLHQWHP7RXWRRSHUDFt]DKUQHPHGRYêSRþWXFHORXGpONXYLQXWtYþHWQČþHO  
 
Motorek 
Bį Bmax M vm  dr  l  ǻ3 ǻ3j ǻ3Fe 
[ T ] [ T ] [ Nm ] [mm] [mm] [mm] [ W ] [ W ] [ W ] 
SĤYRGQtGUiåHN 0,316 1,94 0,78 8,3 52,8 90,0 52,00 13,92 15,16 
 
Tabulka 19 3DUDPHWU\SĤYRGQtKR motorku s GUiåNDPLQDURWRUX 
  




-DNR SUYQt ~SUDYX PRWRUNX V  GUiåNDPL QD URWRUX MVHP SURYHGO SURGORXåHQt URWRUX R








2EUi]HN53 'HWDLOSHUPDQHQWQtKRPDJQHWXv motorku s SURGORXåHQêPURWRUHPRPP 
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PĜLYêSRþWX]WUiWY åHOH]HMVHPSRþtWDOV PDJQHWLFNRXLQGXNFtYHY]GXFKRYpPH]HĜH, SURWRåH
SĜHGSRNOiGiPåHWHQWRSRPČUSODWt i pro indukci v rotoru, ãtĜNX]XEĤ ]ĤVWiYiQH]PČQČQD. 
 
Motorek 
Bį Bmax M vm  dr  l  ǻ3 ǻ3j ǻ3Fe 
[ T ] [ T ] [ Nm ] [mm] [mm] [mm] [ W ] [ W ] [ W ] 
XSUDYHQêGUiåHN 0,282 1,89 0,84 5,6 57,9 100,0 49,94 14,95 12,07 
 
Tabulka 20 Parametry motorku s SURGORXåHQêPURWRUHPRPP 
 
3URGORXåHQt PRWRUNX R PPPL XPRåQLOR VQtåLW YêãNXPDJQHWĤ QD  PP 6QtåHQtP
YêãN\ magnetu VH VQtåLOD PDJQHWLFNi LQGXNFH YH Y]GXFKRYp PH]HĜH QD KRGQRWX  7
+RGQRWDPDJQHWLFNpLQGXNFHYHY]GXFKRYpPH]HĜHVHVQtåLODR9 % z SĤYRGQtKRGQRW\ 
 
5.1.2 3URGORXåHQtRPP XSUDYHQê 
 
-DNR GDOãt NURN MVHP SURGORXåLO PRWRUHN R GDOãtFK PP FRå MH FHONRYp SURGORXåHQt R
20 mm. 0êP FtOHP E\OR MHãWČ YtFH VQtåLW PDJQHWLFNRX LQGXNFL D WtP MHãWČ YtFH VQtåLW ]WUiW\
v åHOH]H 
  









2EUi]HN55 'HWDLOSHUPDQHQWQtKRPDJQHWXY motorku s SURGORXåHQêPURWRUHPRPP 
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Bį Bmax M vm  dr  l  ǻ3 ǻ3j ǻ3Fe 
[ T ] [ T ] [ Nm ] [mm] [mm] [mm] [ W ] [ W ] [ W ] 
XSUDYHQêGUiåHN 0,258 1,90 0,87 4,1 61,0 110,0 49,01 15,98 10,11 
 
Tabulka 21 Parametry motorku s SURGORXåHQêPURWRUHPRPP 
 
3URGORXåHQt PRWRUNX R GDOãtFK  PP PL XPRåQLOR VQtåLW YêãNX PDJQHWĤ QD  PP
'DOãtP VQtåHQtP PDJQHWĤ VH VQtåLOD PDJQHWLFNi LQGXNFH YH Y]GXFKRYp PH]HĜH QD KRGQRWX
 7 +RGQRWD PDJQHWLFNp LQGXNFH YH Y]GXFKRYp PH]HĜH VH VQtåLOD R   ] SĤYRGQt
hodnoty. 
5.1.3 9êPČQDPDJQHWĤ za NdFeB magnety XSUDYHQê 
 
'DOãt ~SUDYD, kterou jsem provedl, E\OD YêPČQD VWiYDMtFtFK PDJQHWĤ ]D PDJQHW\ ]H
Y]iFQêFK ]HPLQ, NRQNUpWQČ NdFeB. 1HMSUYH MVHP SURYHGO QiYUK PRWRUNX SUR PDJQHWLFNRX
LQGXNFLYHY]GXFKRYpPH]HĜHBį = 0,316 T.  
 
3UYRWQtQiYUKPRWRUNX 
Bį = 0,316 T  - LQGXNFHYHY]GXFKRYpPH]HĜH 
Bmaxr = 1,5 T  - PD[LPiOQtLQGXNFHYURWRUX 
Bmaxs = 1.9 T  - PD[LPiOQtLQGXNFHYHVWDWRUXNRVWĜH 
Hc = 883310 A/m - NRHUFLWLYQtVtODPDJQHWĤ1G)H% 
rr = 1730  - UHODWLYQtSHUPHDELOLWDPDWHULiOXURWRURYêFKSOHFKĤ 
rs = 902,6  - UHODWLYQtSHUPHDELOLWDPDWHULiOXVWDWRUXNRVWU\ 
rh = 760   - UHODWLYQtSHUPHDELOLWDPDWHULiOXKĜtGHOH 
0  ʌÂ-7 H/m  - permeabilita vakua 
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Ve vzorci SUR YêSRþHW YêãN\PDJQHWX SRXåtYiP 2Âhm SURWRåHPRWRUHN36=PiGYD















MVHP ]PČĜLO D Y\SRþHWO ] YêNUHVRYp GRNXPHQWDFH
motorku P2SZ447. 
 
hį = 0,5 mm - YêãNDY]GXFKRYpPH]HU\ 
hr = 19 mm - YêãNDSOHFKĤURWRUX 
hs = 118 mm - VWĜHGQtGpONDVLORþiU\YHVWDWRUX 
hh = 13,8 mm - SUĤPČUKĜtGHOH 
hm   - YêãNDMHGQRKRPDJQHWX 
 
 
    
 57 
V GDOãtP NURNX MVHP VL upravil model v programu FEMM a nahradil PDJQHW\ VWiYDMtFt
magnety 1G)H%RYêãFHPP. PRPRFtprogramu jsem Y\SRþHWOKRGQRWXmagnetickp indukce ve 
Y]GXFKRYpPH]HĜH BįP = 0,36 T. 'iOHMVHPSRPRFtSURJUDPXRGHþHWOXSUDYHQRXGpONXPDJQHWX





Bį = 0,36 T - LQGXNFHYHY]GXFKRYpPH]HĜH 
Bmaxr = 1,5 T - PD[LPiOQtLQGXNFHYURWRUX 
Bmaxs = 1.6 T - PD[LPiOQtLQGXNFHYHVWDWRUX 
d = 80 mm - YQČMãtSUĤPČUVWDWRUX 
hdm = 70 mm - GpONDPDJQHWX 
hh = 13,8 mm - SUĤPČUKĜtGHOH 
hį = 1,5 mm - YêãNDY]GXFKRYpPH]HU\ 
htz     - ãtĜNDWČOD]XEX 
hk    - YêãNDVWDWRUXNRVWU\ 
hr    - YêãNDSOHFKĤURWRUX 
hm   - YêãNDMHGQRKRPDJQHWX 
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 3UR YêSRþHW ]WUiW Y åHOH]H MVHP PXVHO QD UR]GtO RG SĜHGFKR]tFK YêSRþWĤ SRþtWDW
s PDJQHWLFNRXLQGXNFtY ]XEHFKSURWRåHXWpWRYDULDQW\MVHPXSUDYRYDOãtĜNX]XEĤ 
=WUiW\ Y PČGL L ]WUiW\ PHFKDQLFNp EXGRX VWHMQp MDNR X SĤYRGQtKR PRWRUNX SURWRåH VH
QH]PČQLO\ SDUDPHWU\YLQXWtDQLSURXGMtPSURWpNDMtFt 
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Hodnoty bez indexu N1 MVRX QDPČĜHQp KRGQRW\ SĤYRGQtKRPRWRUNX D KRGQRW\ V indexem 
N1  KRGQRW\XSUDYHQpKRPRWRUNX 
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2EUi]HN59 5R]ORåHQtYêNRQXD]WUiWPRWRUNXV magnety NdFeB 
 
Motorek 
Bį Bmax M vm  dr  l  ǻ3 ǻ3j ǻ3Fe 
[ T ] [ T ] [ Nm ] [mm] [mm] [mm] [ W ] [ W ] [ W ] 
XSUDYHQêGUiåHN 0,360 2,03 0,98 1,0 60,0 90,0 52,00 13,92 15,16 
 
Tabulka 22 Parametry motorku s magnety NdFeB 
 
1DKUD]HQtPVWiYDMtFtFKPDJQHWĤPDJQHW\]HY]iFQêFK]HPLQ1G)H%MVHP]YêãLOPRPHQWa 
YH YêVOHGNX L ~þLQQRVW PRWRUNX 0ĤM Qi]RU DOH MH åH WHQWR PRWRU QHQt YKRGQê SUR YêUREX
SURWRåHMH WČåNê, MHOLNRåREVDKXMHYHONpPQRåVWYtåHOH]D 1HMYČWãtPSUREOpPHPMH YHONiYêãND













'QHãQt WHFKQRORJLH MH VFKRSQD Y\URELW L WDN]YDQp OHSHQp PDJQHW\ 1G)H% PDMt QLåãt
NRHUFLWLYQt VtOX QHå NODVLFNp PDJQHW\ 1G)H%, DOH L WDN MH SRGVWDWQČ YČWãt QHå X PDJQHWĤ
IHULWRYêFK-HGQiVHRPDJQHWLFNêSUiãHN]HY]iFQêFK]HPLQ, VSRMHQêSRMLYHP=WRKR pl\QHåH
SURSRXåLWtY WRþLYêFKHOHNWULFNêFKVWURMtFKEXGH UR]KRGXMtFt WHSORWQtRGROQRVWSRMLYD 3ĜLPpP
KOHGiQtX UĤ]QêFKYêUREFĤ MVHPQDUD]LO QD UĤ]QpQi]Y\ WČFKWRPDJQHWĤ MDNRQDSĜtNODG OHSHQp
PDJQHW\SODVWRYpPDJQHW\DWG9êUREQtSRVWXS\OHSHQêFKPDJQHWĤVHXYiGtGYDYVWĜLNRYiQtD
OLVRYiQt9VWĜLNRYDQp MVRX SURPp ~þHO\ QHYKRGQp NYĤOL PDOp WHSORWQt RGROQRVWL 2SURWL WRPX
OLVRYDQp magnety E\ PČOR EêW PRåQp SRXåtW SURWR MVHP MHãWČ SURYHGO GDOãt QiYUK ~SUDY\
s OHSHQêPLOLVRYDQêPLPDJQHW\1G)H%, XNWHUêFKYêUREFLXYiGtWHSORWQtRGROQRVWPH]LC a 
CFRåVHOLãtSRGOHGUXKĤPDJQHWĤ 
-HOLNRåNRHUFLWLYQt VtOD OHSHQêFKPDJQHWĤ1G)H%Hc MH]KUXEDSRORYLþQtRSURWLNODVLFNêP
PDJQHWĤP1G)H% ]YROLO MVHPSURSUYRWQtPRGHOYêãNXPDJQHWĤPP3URYHGO MVHPYêSRþHW
v SURJUDPX)(009êVOHGQi LQGXNFHYHY]GXFKRYpPH]HĜHBį PČOD velikost 0,34 T. Pro tuto 





Bį = 0,34 T - LQGXNFHYHY]GXFKRYpPH]HĜH 
Bmaxr = 1,5 T - PD[LPiOQtLQGXNFHYURWRUX 
Bmaxs = 1.9 T - PD[LPiOQtLQGXNFHYHVWDWRUX 
d = 80 mm - YQČMãtSUĤPČUVWDWRUX 
hdm = 78 mm - GpONDPDJQHWX 
hh = 13,8 mm - SUĤPČUKĜtGHOH 
hį = 0,6 mm - YêãNDY]GXFKRYpPH]HU\ 
htz     - ãtĜNDWČOD]XEX 
hk    - YêãNDVWDWRUXNRVWU\ 
hr    - YêãNDSOHFKĤURWRUX 
hm   - YêãNDMHGQRKRPDJQHWX 
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Hodnoty bez indexu N2 MVRX QDPČĜHQp KRGQRW\ SĤYRGQtKRPRWRUNX D KRGQRW\ V indexem 
N2 MVRXKRGQRW\XSUDYHQpKRPRWRUku s OHSHQêPLPDJQHW\ 
 
2EUi]HN62 5R]ORåHQtYêNRQXD]WUiWPRWRUNXV OHSHQêPLPDJQHW\1G)H% 
 
Motorek 
Bį Bmax M vm  dr  l  ǻ3 ǻ3j ǻ3Fe 
[ T ] [ T ] [ Nm ] [mm] [mm] [mm] [ W ] [ W ] [ W ] 
XSUDYHQêGUiåHN 0,340 2,07 1,00 2,0 62,0 90,0 50,31 13,92 13,47 
 
Tabulka 23 Parametry motorku s OHSHQêPLPDJQHW\1G)H% 
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3RXåLWtP OHSHQêFK PDJQHWĤ 1G)H% MVHP GRViKO ]YêãHQt YêNRQX, ale s PHQãtP QiUĤVWHP
YêãN\VWDWRUXWXGtåLKPRWQRVWLRSURWLNODVLFNêPPDJQHWĤPNdFeB. 
5.2 3RURYQiQt YêVOHGNĤQDYUKRYDQêFK~SUDY 
 




Bį Bmax M vm  dr  l  ǻ3 ǻ3j ǻ3Fe 
[ T ] [ T ] [ Nm ] [mm] [mm] [mm] [ W ] [ W ] [ W ] 
SĤYRGQtGUiåHN 0,316 1,94 0,78 8,3 52,8 90,0 52,00 13,92 15,16 
XSUDYHQêGUiåHN 0,282 1,89 0,84 5,6 57,9 100,0 49,94 14,95 12,07 
XSUDYHQêGUiåHN 0,258 1,90 0,87 4,1 61,0 110,0 49,01 15,98 10,11 
XSUDYHQêGUiåHN 0,360 2,03 0,98 1,0 60,0 90,0 52,00 13,92 15,16 
XSUDYHQêGUiåHN 0,340 2,07 1,00 2,0 62,0 90,0 50,31 13,92 13,47 
 
Tabulka 24 3DUDPHWU\PRWRUNĤ 
 




2EUi]HN63 *UDILFNpSRURYQiQtY\SRþWHQêFKKRGQRW PRPHQWXDLQGXNFt 
 






Z YêVOHGNĤ PêFK YêSRþWĤ MVHP XVRXGLO åH QHMOHSãt PRWRUHN SUR UHDOL]DFL MH XSUDYHQê
PRWRUHN  YH NWHUpP E\O\ QDKUD]HQ\ VWiYDMtFt PDJQHW\ ]D OHSHQp PDJQHW\ ] NdFeB. Tento 
motorek, MDN MVHP GĜtYH Y\SRþHWO Pi QHMYČWãt PRPHQW WXGtå L YêNRQ D SUDFXMe s QHMYČWãt
~þLQQRVWt = JUDIĤ MH YLGČW åH Pi L QHMYČWãt KRGQRWX PD[LPiOQt PDJQHWLFNp LQGXNFH Bmax coå 
RYãHPQHYDGtSURWRåHWDWR YHONiPDJQHWLFNiLQGXNFHVHQDFKi]tMHQYHYHOPLPDOpþiVWi statoru. 
&HONRYpUR]ORåHQtPDJQHWLFNpLQGXNFHYHVWDWRUXMHYHOPLSRGREQpMDNRXSĤYRGQtKRPRWRUNX 
  




V WpWRSUiFL Msem sestavil SĜHKOHGVWHMQRVPČUQêFKPRWRUNĤPDOpKRYêNRQX3RURYQDO jsem 
SDUDPHWU\WČFKWRVWHMQRVPČUQêFKPRWRUNĤ'iOH Msem podrobnČUR]HEUDO VWHMQRVPČUQêPRWRUHN
s SHUPDQHQWQtPL PDJQHW\ 36= Y\UiEČQê ILUPRX $7$6 HOHNWURPRWRU\ 1iFKRG DV 7DNp
jsem navrhl PRåQp LQRYDFH WRKRWR PRWRUNX D QČNWHUp SRXåLO SUR LQRYDFL PRWRUNX
s SHUPDQHQWQtPLPDJQHW\36=. 
3UYQtþiVW MH]DPČĜHQD QDSUĤ]NXPDSRURYQiQt VWHMQRVPČUQêFKPRWRUNĤV SHUPDQHQWQtPL
magnety PDOpKRYêNRQXNWHUpMVRXGRVWXSQpQDWUKX MDNXQiVWDNY]DKUDQLþt3RURYQiYDO jsem 
QČNROLN SDUDPHWUĤ NWHUêPL E\OL QDSiMHFt QDSČWt QDSiMHFt SURXG YêNRQ MPHQRYLWê PRPHQW
RWiþN\DKPRWQRVWVWHMQRVPČUQêFKPRWRUNĤMnou ]NRXPDQpSDUDPHWU\Msem Y\QHVOGRJUDIĤ 
9H GUXKp þiVWL Msem se ]DEêYDO DQDOê]RX VWHMQRVPČUQpKR PRWRUX 9\EUDO jsem si 
VWHMQRVPČUQê NRPXWiWRURYê PRWRU V SHUPDQHQWQtPL PDJQHW\ RG ILUP\ $7$6 HOHNWURPRWRU\
1iFKRG DV W\S 36= 3UR DQDOê]X mi SRVN\WOD ILUPD þiVWL VYp WHFKQLFNp GRNXPHQWDFH
k WRPXWR VWHMQRVPČUQpPX PRWRUNX V SHUPDQHQWQtPL PDJQHW\ 7DNp PL E\O\ SRVN\WQXW\
podklady z PČĜHQt WRKRWR PRWRUNX P2SZ447 NWHUp MLå GĜtYH SUREČKOR QD ~VWDYX 89((987
%UQR3URYHGOMVHPWDNpVYpYODVWQtPČĜHQtQDPRWRUNXP2SZ447. Z YêVOHGNĤRERXPČĜHQtNWHUp
MVHP Y\QHVO GR JUDIĤ Y\SOtYi åH PRWRU MH GREĜH QDYUåHQ SURWRåH QHMYČWãt ~þLQQRVW Pi SĜL
MPHQRYLWpPPRPHQWX 'iOHMVHPWDNpSURYHGODQDOê]X]WUiWPRWRUNX P2SZ4473ĜL MPHQRYLWpP
momentu jsem v\SRþHWO UR]ORåHQt ]WUiW =WUiW\ Y åHOH]H WYRĜLOL   ]WUiW\ YH YLQXWt   D
PHFKDQLFNp]WUiW\] SĜtNRQXPRWRUNXÒþLQQRVWPRWRUNXP2SZ447 E\ODSĜLEOLåQČ %. 
'iOH jVHP ]NRXPDO PRåQRVWL LQRYDFH VWHMQRVPČUQpKR PRWRUX V SHUPDQHQWQtPL PDJQHW\
=DPČĜLO jsem se na kostru, magnety, a plechy rotoru. Navrhl jsem YêPČQX SHUPDQHQWQtFK
PDJQHWĤ]DPDJQHW\]HY]iFQêFK]HPLQ NdFeB nebo SmCo7DNpMsem navrhl SĜHSRþtWDWSOHFK\
rotoru z GUiåHN QD, QDSRGQČW ILUP\ $7$6HOHNWURPRWRU\1iFKRGDV DE\ E\ORPRåQR
QDYtMHWURWRURYpYLQXWtVWURMRYČ-DNRSRVOHGQtYê]QDPQČMãt~SUDYXMsem navrhnul Y\UiEČWNRVWUX
z SĜHVQêFKEH]HãYêFKWUXEHNNWHUpPDMtSĜHVQČMãtYQLWĜQtSUĤPČU] þHKRåSO\QHSĜHVQČMãt ãtĜND
Y]GXFKRYp PH]HU\ D VQLåXMH VH SUDYGČSRGREQRVW Y]QLNX SDUD]LWQt Y]GXFKRYp PH]HU\ PH]L
NRVWURXDSHUPDQHQWQtPPDJQHWHP. 
3RVOHGQtþiVWPpSUiFHREVDKXMH YêSRþW\DQiYUK\NRQNUpWQtFK LQRYDFtPRWRUNX P2SZ447. 
3URSRþtWDO MVHPQČNROLNYDULDQW3URYêSRþW\MVHPSRXåtYDOSURJUDP)(00NWHUêSRXåtYiSUR  
YêSRþHWPHWRGXNRQHþQêFKSUYNĤ1ČNWHUpYêSRþW\MVHPSURYiGČOUXþQČ 
-DNRQHMUHDOL]RYDWHOQČMãtYDULDQWXMVHPY\EUDOPRWRUHNR]QDþHQêMDNRXSUDYHQê. V tomto 
motorku jsem nahradiO SĤYRGQt SHUPDQHQWQt PDJQHW\ SHUPDQHQWQtmi PDJQHW\ ]H Y]iFQêFK
]HPLQ 1G)H% 7DNp SĜHGSRNOiGiP YêUREX VWDWRUX NRVWU\ ] SĜHVQêFK EH]HãYêFK WUXEHN
0DWHULiO URWRURYêFKSOHFKĤ MVHPSRXåLO WRWRåQêV SĤYRGQtPPRWRUNHPP2SZ447. -HOLNRå MVHP
SRXåLO OLVRYDQpPDJQHW\1G)H%, NWHUpPDMt YČWãtNRHUFLWLYQt VtOX QHåSĤYRGQtPDJQHW\PXVHO
MVHP ]YČWãLW YêãNX VWDWRUX D ãtĜNX ]XEĤ URWRURYêFKSOHFKĤ9LQXWt MVHPSRQHFKDO SĤYRGQt EH]
~SUDY0êPL~SUDYDPL MVHP ]YêãLOPRPHQWPRWRUNX D WtP L SRVOp]H YêNRQPRWRUNX3URYHGO
MVHP UR]ERU ]WUiW Y PRWRUNX 5R]ORåHQt ]WUiW XSUDYHQpKR PRWRUNX E\OR QiVOHGXMtFt ]WUiW\
v åHOH]H WYRĜLOL   ]WUiW\ YH YLQXWt  D PHFKDQLFNp ]WUiW\   ] SĜtNRQX PRWRUNX SĜL
]YêãHQpP MPHQRYLWpP PRPHQWX QD  1P &HONRYi ~þLQQRVW XSUDYHQpKR PRWRUNX SĜL
MPHQRYLWpPPRPHQWXE\OD  
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6WHMQp UR]ORåHQt ]WUiW PČO L PRWRUHN X NWHUpKR MVHP SRþtWDO V klasickêPL SHUPDQHQWQtPL
PDJQHW\1G)H%7HQPČOYãDNPHQãtYêNRQD]QDþQRXQHYêKRGRXE\ODY\ããtKPRWQRVW oproti 
motorku s OHSHQêPLPDJQHW\9ČWãt KPRWQRVW Y\SOtYi ] QXWQRVWL SRXåtW VWDWRUR ]QDþQp YêãFH
DE\QHGRFKi]HORN SĜHV\FRYiQtVWDWRUX7DNpYêãNDNODVLFNêFKPDJQHWĤ] 1G)H%E\E\OD]QDþQČ
PDOiDVORåLWČY\URELWHOQi 
8 PRWRUNĤ NWHUp MVHP SURGORXåLO jako jednu z PRåQRVWt inovace, MVHP VLFH SĜLãHO NH
NODGQêP YêVOHGNĤm, ale ve vzorci SUR YêSRþHW ]WUiW Y åHOH]H XYDåXML NRQVWDQWQt KPRWQRVW
URWRURYêFKSOHFKĤ. Dle PpKRQi]RUXWDWRSRGPtQNDEXGHSĜLSURGORXåHQtURWRUXWČåFHVSOQLWHOQi




Z GĤYRGĤ NWHUp MVHP XYHGO YêãH VH GRPQtYiP, åH QHMYêKRGQČMãtP PRWRUNHP, z mnou 
XSUDYHQêFK PRWRUNĤ, MH PRWRUHN R]QDþHQê Y SUiFL MDNR XSUDYHQê  'RPQtYiP VH åH GR
EXGRXFQDE\E\ORYHOPLGREUpSURYpVWWHSHOQRXDQDOê]XPRWRUNXD]KRWRYLWSURWRW\S, QDNWHUpP
by se SURYHGORPČĜHQtNWHUpE\ YtFHþLPpQČSRWYUGLOR PpYêSRþW\ 
 
  





[3] http://www.uzimex.cz/Vyrobce/maxon-motor-ag/Motory-DC/Rada-RE.html  
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